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Why

Top quark

e The newest and heaviest quark (so far)

— Special role in EW symmetry breaking (large mass, Yukawa coupling~1)
— Sensitive to New Physics (NP) (mass near the EW scale)

e The only quark without resonant ¢ states (yet): 7 = 107?45

e The last quark in the last generation?
What do we find?

e Do we find top?

e Do we find the SM top?
e Do we find nothing but the SM top?
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Top physics

Why

e Huge statistics (Run 1T = 30-50 x Run I)

e Can isolate pure top samples

e We understand the SM - crucial for searches for physics beyond the SM
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Where: Tevatron

e pp Collisions
¢ ./s=1.96 TeV
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o In this talk ~ 2 - 3 fb~ ! results
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Where: CDF

Tracking Electromagnetic  Hadron hueon
chamber caloritneter  calorimeter charmber
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Detectors and identified objects:

o Trackers: e, u, b — jets, 7
e Calorimeters: e, u, jets, K, v
e Muon Detectors: u, b — jets (soft p's)
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Methods

Background Estimates

o MC
—WW, WZ. Z7, Single Top, Z+Jets
e Data-Driven
—QCD (Non-W)
x Study K in low- Fip region (in jets or “antileptons” sample)
x Calorimeter Isolation vs Fip
x Track Isolation
— W + Heavy Flavour

x Simultaneous Fit of W+1 jet events, use secondary vertex mass, track
parameters etc

— MisTags
x Mistag Matrix measured from inclusive jets sample
x Detector resolution effects = negative tags
x HF' = positive tags
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Physics

tt decay modes

e Search for FCNC
= U+ > 4 jets
e Invisible Top Decays ﬁ
= [P+ > 2 btags
e Search for ¢/
= (Jop+ >4 jets w
e ¢t Differential Cross-Section do /dMtt
= (ot > 4 jets
e Charged Higgs
= (ot > 4 jets L

all hadronic

)
bt
A
+
-
4]
-

tau + jets

e Search for Stop Quarks e“— H lepton + jets
= Y +2b— jels p—— = - -
e (Vb Search and ttvy er ur o1 U+d cs
= CyJorb and by fopb+ > 2 jets w
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Physics

v/ Search for the FCNC (t — Zq)
v2 (Pre-Tag)

. 14 % 80 r———T—
e FCNC in the SM O<1O : > -8 - CDF II Prleliminary fIL dr=19 f{)_l ® Il)ata .
(no tree level diagrams) s e FCNC tt 1
= 60 i [1Z+Jets 7
e FCNC in the NP 0(10_4) B [ Z ctHlets
: B [ Z bb+Jets -
the search proposed by H.Fritzsch (1989) i —Pvitaalh
40 Bl Diboson —
i KS Prob: 0.073 7
- x> Prob: 0.630 |
20 F -
U L
\/ %2
. M 2
e Signature: ass X
ZO N g-l—g— (E—i_tra(:k) _|_ 4 JetS X2 _ (mVV,Tec_mVV,PDG)Q + (thWb,rec_mt)Q + (thZq,rec_mt)Q

OW,rec Ot—Wbh Ot—Zq
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Physics

v/ Search for the FCNC (t — Zq)

Events
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Best Fit to Mass y2
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® Data(19fb") | CDFII Preliminary |
O FCNC tt (3.7%) fLdt=19 fb!

Fit Uncertainty |
O Z + Jets (HF & LF) |
B Standard Model tt

| B Diboson (WZ,22) |

e World’s Best Limit
FCNC decays:

the observed 95% C.L. upper limit is

Br(t — Zq) = 3.7%.
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v/ Invisible Top Decays
e Indirect search
e [irst Limit on B(t—invisible)

o (+ Vi + jets(2 b — tags)

Method 2: Double Loose Tag
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Physics

v/ Search for ' Phys. Rev. Lett. 100, 161803 (2008)
Models
e Little Higgs = heavy “top”

e New heavy quarks: (¢ — Wb)

e EWK precision data: A5 ~ 2.90 away 3gp Search fort’ (28 fb-1) CDF Run 2 Preliminary
|+ "" . T g T v - v
. L )
b . : _
E A
antiproton . .
q S * | ® observed
- S PU . ft iy
g o
4 . WHF
The Search S * QCD -
ot/ — WU suppressed = ¢t/ — Wy . . : .
300 400 500

o Vy, ~ Vi, BR(t' — Wb) ~ 100%
o (+ Fr + jets

Mreco (GeV)
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Physics

v/ Search for ' Phys. Rev. Lett. 100, 161803 (2008)
Models

1 ' 1
o Little Higgs = heavy “top” CDF Run 2 (2.8 fb)
e New heavy quarks: (¢ — Wb 2 | Preliminary i
yq (g ) g 1t t'—Wq, > 4 jets :
e EWK precision data: A% 5~ 2.90 away = f Ht vs Mieco
It !
Q.
2
v 5}
0.1F
b [
b
theoretical prediction
antiproton q Bonciani et al.
] 2 ] 1 ] 1
g 200 300 400 500
The Search t' mass (GeV/c?)

o t' — W' suppressed = t' — Wyq The purple curve is a theoretical o(pp — t't').

o Vi, = Vi, BR(t' — Wb) =~ 100% The blue band represents 10 expectation limit
o/+ K+ jets (light blue: £+20)
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Hocker and Kartvelishvili, http://arxiv.org/abs/hep-ph /9509307

CDF |l Preliminary
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Physics
/ tt Differential Cross-Section do/dMtt

o/ + K1 +4 jets
e in-situ calibration of the jet energy scale (JES)

e unfolding technique

CDF Il Preliminary

e CDFI Data,_l. L=271f"

D tt
% SM Backgrounds
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CDF Il Preliminary

=
102 \\% SM tt
7 i -
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Physics

\/ tt Differential Cross-Section do/dMtt
e A limit on gravitons in the RS model
e Eixclude k/Mp; > 0.16 at the 95% CL

CDF Il Preliminary

.
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Physics
v/ Search for Charged Higgs

Di-jet mass in top decays [CDF Runll Preliminary]

5 a0f
e MSSM Charged Higgs E 3 IL =22fb"
e Assume: B(H" — ¢s) = 1, % : T —— Data
B(t — H*b) + B(t — W+b) = 1 £ 301 J W' in
= B R o
e at low tan(8) H+ — ¢5 dominates Z 250 _ | non-tt bkg
. - | | = -Br(t>HDb)=0.1
o (+ Kt + at least 4 jets 20 i
M,.=120 GeV C
o 1 e
_::;0.8; I-Fd:vcaysto 15;
: ol 5 100
H —— W*hO -
W*A® L
S
----- BR(t— H'b) B
“‘.g.,o‘ — L8 5 o o i B TR .__,i,_._::t_,.,_,i.w_.c._j_l.,_. th
e ——— % 20 40 60 80 100 120 140 160 180
1 10 ) M(dijet) [GeV/c?]
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Physics
v/ Search for Charged Higgs

CDF Run II Prellmlnary [2 2fb’ ]

: [ C
o . .
MBSM Charged Higgs ? 0.5 ___________________ —@— Observed @95% C.L.
e Assume: B(H" — ¢s) = 1, 50 —— SM expected @ 95% C.L.
B(t— H'b)+ B(t — W'h) =1 s [ 68% of SM @ 95% C.L.
: 0.4_ ........ .......................... ................... . .
e at low tan(3) H+ — ¢S5 dominates O é 95% of SM @ 95% C.L.
S . .
o/ + Vi + at least 4 jets = gaf
M,.=120 GeV I
S
é, 0.8:— H d:vcays to
s f s
s —tb
—— WHh?
W*A®
----- BR(t— H'b)
..... 0 : . L L L !
S — ] 60 80 100 120 140 160
1 10 ) M(H *) [GeV/c?]
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Physics
v/ Search For Pair Production of Stop
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Physics
V {yFrb Search and oy,

18l | CDFRun Il Preliminary 1.9fb" = ]
> 16} ; gata(em) ]
Motivation Sal wz
. o12t W¥+II('IF ]
e Extension of /v Syt crakey |
e Signature with ‘qc'; 2' =’,|Z,%I{;’a'_§fss :
b and t, W and 7~ o) 4
e i{y: control sample for ttH

1 1 i 1 | | PRI .|
20 40 60 80 100 120 140 160 180 200

(LHC), Q(top) Lepton E; (GeV)

E; (GeV)

o7 1S B L B B B ELELELE B L L LN LN B LR LI L B

iy
o
G
—
Y

Events/20 GeV

S N b O O

+

20 40 60_ 80 100 120 140 160 180
B-jet E; (GeV)

» SO
20 40 60 80 100 120 140 160 180 200
Photon E; (GeV)

Results

CDF Run II Preliminary, 1.9fb™!

OyEed | evBob [y Beb | (e + p)yErb
Expected | 16.8 £2.2 | 11.17 1| 27.973%

Observed 16 12 28
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v {y¥rb Search and oy,

Physics

CDF Run II Preliminary, 1.9fb~!

tty tty(e) tty(p) | tty(e+p)
Predicted | 6.7 4= 1.4(tot) | 4.4753(tot) | 11.1753(tot)
Observed 8 8 16
14|"'|"'|'_':|"'|_1|"| 9-""|""|""|""|""|""
CDF Run Il Preliminary 1.9 fb
12t * Datafe+) | o 8f
10 i ] 8 7
» Wy+HF 6
E & 1t:eyf;akke‘:)y 8 s
d>’ 6r B jet fakes - _.\9 4
L M Mistags < 4
4t QcD d>.>
o 2
2 1
o2 4 6 8 10 20 250 300 350 400 450 500
N Jets H; (GeV)

e No SM tty =

1% (2.30) to observe 16 events

® 0yg, = 0.15 £ 0.08 ph.

SM
[ O-tf’y

— 0.080 4 0.011 pb.

10

10"

W — Iv (CDF Run Il

W — Iv (Theory)

Z — Il (Theory)

tt (CDF Run II) tt (Theory)

e A I T NI rr s

T \HHH‘ T \HQH‘ T \HHH‘ T \HHH‘ L LA

tty (CDF Run Il Preliminary)
i tty (Theory)

SENNUSAREERRRRE AREATRARAARAREARRIR TR RIS ARARRERRGARRRRANAGARRRR

e Signature:

l~v¥r+b jet+HpH

Njets > 2
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Summary
e Tevatron and CDF are running very well
e Top sample is getting bigger
— Can look at the rarer signatures
— Precision top physics
e Keep digging and pushing limits
— Br(t — Zq) < 3.7"% @ 95% CL

— Br(t — invisible) < 9% @ 95% CL
— Exploring fb cross-sections territory (¢tv)

e Will have ~3 times more £ than presented in the
talk

e CDF Top Physics Results:
http://www-cdf.fnal.gov /physics /new /top/top.html
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